Results from previous studies investigating the association between fluid intake and urothelial cell carcinomas (UCC) are inconsistent. We evaluated this association among 233,236 subjects in the European Prospective Investigation into Cancer and Nutrition (EPIC), who had adequate baseline information on water and total fluid intake. During a mean follow-up of 9.3 years, 513 first primary UCC occurred. At recruitment, habitual fluid intake was assessed by a food frequency questionnaire. Multivariable hazard ratios were estimated using Cox regression stratified by age, sex and center and adjusted for energy intake, smoking status, duration of smoking and lifetime intensity of smoking. When using the lowest tertile of intake as reference, total fluid intake was not associated with risk of all UCC (HR 1.12; 95%CI 0.86-1.45, p-trend 5 0.42) or with risk of prognostically high-risk UCC (HR 1.28; 95%CI 0.85-1.93, p-trend 5 0.27) or prognostically low-risk UCC (HR 0.93; 95%CI 0.65-1.33, p-trend 5 0.74). No associations were observed between risk of UCC and intake of water, coffee, tea and herbal tea and milk and other dairy beverages. For prognostically low-risk UCC suggestions of an inverse association with alcoholic beverages and of a positive association with soft drinks were seen. Increased risks were found for all UCC and prognostically low-risk UCC with higher intake of fruit and vegetable juices. In conclusion, total usual fluid intake is not associated with UCC risk in EPIC. The relationships observed for some fluids may be due to chance, but further investigation of the role of all types of fluid is warranted.
More than 90% of bladder cancers arise from the urothelium. Urothelial cell carcinoma (UCC) is the second most common malignancy of the genitourinary tract. 1 UCC shows widely different characteristics in histopathology and clinical behavior. It has been proposed that there are two major groups of urothelial cell tumors that develop via different molecular pathways. The low grade, papillary tumors are characterized by activating mutations in the HRAS and FGFR3 oncogenes and chromosome 9 aberrations; the high grade solid tumors are characterized by structural and functional defects in the TP53 and RB tumor suppressor genes. 2 Tobacco smoking 3 and occupational exposure to carcinogens like aromatic amines and polycyclic aromatic hydrocarbons (PAHs), 4 family history 5 and specific low-penetrance susceptibility, such as NAT2 and GSTM1, 6 are the main risk factors for UCC. However, the occurrence of UCC is not fully explained by these risk factors. With regard to dietary factors, it is postulated that the intake of fluid may influence the risk of bladder cancer. Several potential mechanisms exist for a role of total fluid intake in the development of bladder cancer. The urogenous contact hypothesis suggests that high fluid intake may reduce the exposure to carcinogens by diluting the urine and reducing the contact time through increased micturition. 7 Conversely, a high intake of fluids could also increase the risk of UCC if fluids contain contaminants that are bladder carcinogens. Bladder wall extension associated with a high intake of fluids or a lower miction frequency may allow the carcinogens in the urine to come into contact with the deeper layers of the bladder urothelium. 8 In 2007, an international panel of experts concluded that evidence for an association of total fluid intake in relation to bladder cancer risk is limited. 9 A recent review reported a probable association between total fluid intake and bladder cancer; however, studies on total fluid intake showed inconsistent findings. 10 The role of fluid volume intake is further complicated because of the possibility that specific fluids may have an effect as well. Possible opposing mechanisms to explain the role of specific types of beverages in carcinogenesis have been postulated. For example, the intake of alcoholic beverages and coffee may dilute metabolites in the urine. The diuretic effect of alcohol may increase the frequency of voiding and reduce contact of carcinogens with the bladder epithelium.
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On the other hand, the intake of alcoholic beverages could be harmful because the primary breakdown product of ethanol in the body, acetaldehyde, has been shown to cause damage to the DNA, which makes alcohol a plausible bladder carcinogen. 12 Caffeine, which is contained in coffee, has been suggested to contribute to the increased risk of bladder cancer, although IARC concluded that caffeine is not classifiable as to its carcinogenicity to humans. 13 Coffee consumption is correlated with smoking habits, and the positive findings in some studies might be the result of residual confounding by smoking. Conversely, coffee might have a possible protective effect by acting as an antimutagenic through formation of complex compounds.
14 Disinfection byproducts and arsenic in drinking water may be potential carcinogens and could increase the risk of bladder cancer. 15, 16 Antioxidants in green tea and fruit and vegetable juices have been suggested to decrease the risk of bladder cancer. 17 Milk and other dairy foods contain calcium and bioactive compounds, which may also have a protective role. 9 Dietary factors may differentially affect the risk of low and high grade bladder tumors. To our knowledge, only one epidemiological study on suspected dietary risk factors did evaluate high and low grade tumors separately. Coffee consumption, the only dietary risk factor evaluated thus far, was not associated with tumor stage and grade. 18 The aim of this study is to examine the association between self-reported total and specific fluid intake and the risk of prognostically low-and high-risk UCC (defined on stage and grade), within the European Prospective Investigation into Cancer and Nutrition (EPIC).
Material and Methods

Study participants
EPIC is a multicenter cohort study designed to examine the association between nutrition and cancer. Participants, mostly aged between 25 and 70 years, were enrolled in 1992 to 2000 by 23 centres in 10 European countries: Denmark (Aarhus and Copenhagen), France, Germany (Heidelberg and Potsdam), Greece, Italy (Florence, Varese, Ragusa, Turin, and Naples, The Netherlands (Bilthoven and Utrecht), Norway, Spain (Asturias, Granada, Murcia, Navarra, and San Sebastian), Sweden (Malmö and Umea) and the United Kingdom (Cambridge and Oxford). Eligible subjects were invited to participate in the study, and those who accepted gave informed consent and completed questionnaires on their diet, lifestyle and medical history. A total of 521,448 subjects participated in the study. The methods of recruitment for EPIC and the design of the study have been described in detail elsewhere. 19 Participants with a history of cancer at recruitment (n ¼ 23,633) and participants with missing follow-up data (n ¼ 3,448) were excluded for analysis.
This study includes participants from the following centres: France, The Netherlands (Bilthoven, Utrecht), Germany (Heidelberg, Potsdam), Sweden (Malmö) and Denmark (Aarhus, Copenhagen). Data on water intake was not collected in the other centres, and participants through these centres were, therefore, not included in this study (n ¼ 256,140). We further excluded participants with missing dietary questionnaire data (n ¼ 233), and participants with missing lifestyle questionnaire data (N ¼ 37). Data for participants in the top and bottom 1% of the ratio of energy intake to estimated energy requirement calculated from age, sex and body weight were also excluded to reduce the effect of implausible extreme values (n ¼ 4721). After these exclusions, the study cohort comprised 67,914 men and 165,322 women.
Diet and lifestyle questionnaires
Usual dietary intake during the year before recruitment was measured by country-specific validated dietary questionnaires designed to reflect local dietary patterns and high compliance rates of completion. The habitual dietary assessment methods were all based on general methodology of food frequency questionnaires. In The Netherlands and Germany self-administered dietary questionnaires, containing up to 260 food items, estimating individual average portion size were used. In France, interviewer-administered questionnaires similar to the dietary questionnaires, but structured by meals, were used. Semiquantitative food frequency questionnaires with the same standard portion assigned to all participants were used in Denmark. In Malmö (Sweden), a nonquantitative food frequency questionnaire was combined with a 14-day record on hot meals. 19 Information on validity of the food questionnaires has been published previously. 20 Habitual total fluid intake was calculated by adding the intake of different beverages. Intake of total fluid includes alcoholic beverages, milk and other dairy beverages, coffee, tea, herbal tea, water (excluding water as ingredient of meals), fruit and vegetable juices and soft drinks. All fluid items were assessed in the five participating countries; however, data on the intake of dairy beverages (except milk) was not available in Sweden (Malmö), and data on the intake of herbal teas was not assessed in Denmark. Chicory/coffee substitute and bouillon were not included in the total fluid intake variable because these variables were only assessed in two countries and contribute little to total fluid intake.
Several centres validated the food frequency questionnaire for specific beverages against 12-times repeated 24-hour dietary recalls. The correlation coefficients for the relative validity of reported consumption of alcoholic beverages varied from 0.74 to 0.94. 21, 22 The German food frequency questionnaire validated also coffee and tea (correlation coefficient is 0.70) and soft drinks (correlation coefficient is 0.67). 22 The Dutch food frequency questionnaire was validated for nonalcoholic beverages; the correlation coefficient was 0.74. 21 So, the questionnaires seem adequate for ranking individuals according to intake of several beverages.
Baseline information on other lifestyle variables was obtained from standardized questionnaires including questions on education, occupation, medical history, physical activity and smoking. Data on occupational history was only available for a subset of the cohort [not in Utrecht (The Netherlands) and France]. Occupational history focused on 52 selected jobs that have been previously linked to the risk of developing cancer. This data is used to examine the effect of occupational exposure on the Cox regression models. We focused on the following carcinogenic exposures: heavy metals (present in foundries, in metal industries and in occupations related to welding, turning and electroplating); aromatic amines (present in, e.g., dye production, textile and leather dying and hairdressers); PAHs (associated with refineries, asphalt work, the transport sector and car repair stations); environmental tobacco smoking (particularly elevated for workers in bars and restaurants). The scores were treated as dichotomous variables (yes/no).
Endpoints
The follow-up was based on population-based cancer registries [The Netherlands, Sweden (Malmö) and Denmark] or on a combination of methods including health insurance records, cancer and pathology registries and active follow-up through study participants and their next-of-kin (Germany and France). Germany, the end of follow-up was considered to be the last known contact date, the date of diagnosis or the date of death, whichever came first. Mortality data were also collected through cancer registries at the regional or national level.
For the current analysis, participants were followed up from study entry until a diagnosis of first primary UCC [code C67 according to the ICD-Oncology (ICD-0-third edition)], death, emigration or end of the follow-up period. Only the urothelial cell papillomas and carcinomas (morphology codes 812-813), further referred to as UCC, were included in the analysis. Bladder cancer with morphology codes 8980 (carcinosarcoma), 9590 (malignant lymphoma), 9671 (malignant lymphoma, lymphoplasmacytic) and 8121 (inverted papillomas) and with behavior coded as benign (5th digit of the morphology code is zero) were censored at time of diagnosis.
Pathology reports of the UCC cases were collected from each centre. Information on morphology, TNM stage and differentiation grade of UCC was extracted from the reports. We stratified UCC into two prognostic risk groups; high-risk UCC was defined as: all T1 and higher, all CIS and all WHO Grade 3 (poorly differentiated) carcinomas and low-risk tumors were defined as: all Ta Grade 1 (well differentiated) and Ta Grade 2 (moderately differentiated) carcinomas; 93% of the cases could be classified into prognostically high-or low-risk UCC.
Statistical methods
Cox proportional hazard models were used to analyze the association between total and specific fluid intake and UCC. Analyses were also performed using low-risk and high-risk urothelial bladder cancer as separate endpoints. Age was used as the primary time variable in the models. Time at entry was defined as age at recruitment and exit time as age at diagnosis, age at death or age at the end of the follow-up, whichever came first. All analyses were stratified by age at recruitment (in 1-year categories) to control for length of follow-up and by gender and centre to control for country effects, such as follow-up procedures and questionnaire design. Cases diagnosed after censoring date were considered as noncases.
Total fluid intake and the specific fluid variables (alcoholic beverages, milk and other dairy beverages, coffee, tea, herbal tea, water, fruit and vegetable juices and soft drinks) estimated from the dietary questionnaire were calculated in millilite per day. Values within the extreme 0.5 percentiles of total fluid intake were considered unreliable and were replaced by the cutpoint (below the 0.5 percentile and above the 99.5 percentile). We did not perform this procedure for values below the 0.5 percentile and above the 99.5 percentile of subgroups of fluid intake, i.e., low extreme values are possible if participants did not consume or consume a specific beverage in a very low amount. High extreme values were also possible if participants did not drink a variety of beverages. The data were analyzed using categorical variables, by sex-specific tertiles, and as continuous variables (increment of 100 mL/d). To calculate the p value for trend across tertiles, the median of each tertile was assigned to participants, and this variable was entered as a continuous term in the Cox regression models.
All analyses were controlled for smoking status (current, former and never), duration of smoking (in years), lifetime intensity of smoking (cigarettes/d) and energy intake from fat and nonfat sources. Consumption of fruits and vegetables (excluding juices), processed meat, alcohol, physical activity and BMI were not included in the analysis as these did not change the b estimate of the fluid variables by more than 10%. Analyses were stratified by smoking status and gender. Models stratified for smoking status were adjusted for duration and lifetime intensity of smoking (only for former and current smokers). Statistical interaction on a multiplicative scale was tested by introducing a product term between total fluids (continuous) and smoking status, gender and country.
Linear regression calibration was used to improve comparability of dietary data across the participating centres and to correct for systematic over-and underestimation of dietary intake. 23 The 24-h diet recall measurements were regressed on dietary questionnaire values for total fluid intake and subgroups of fluid intake. Zero consumption values in the main dietary questionnaires were included in the regression calibration models. Data were weighted by day of the week and season of the year on which the 24-h diary was collected. Country and sex-specific calibration models were used to obtain individual calibrated values of dietary exposure for all participants. Cox regression models were then applied using the calibrated values for each individual on a continuous scale. The standard error of the de-attenuated coefficient was calculated with bootstrap sampling (n ¼ 10 repetitions) in the calibration and disease models consecutively. Categorical models were based on observed values while continuous models were based on observed and calibrated values. All analyses were conducted using SAS version 9.1 (SAS Institute, Cary, NC).
Results
A total of 233,236 participants contributed 2.10 million person-years at risk with a mean follow-up of 9.3 years. Table 1 shows the frequency of UCC and the corresponding number of person-years included in the analysis according to country and gender. During follow-up, 513 participants were diagnosed with a first primary UCC. Of these cancers, 32 UCC cases could not be classified as prognostically high-or lowrisk UCC because information on stage and grade was lacking; 210 UCC cases were classified as high-risk tumors and 271 cases as low-risk tumors.
Calibrated median values of total fluid intake and subgroups of fluid intake by gender and country are shown in Table 2 . In men, the median calibrated intake of total fluid is 2,230 mL/d. In women, the median calibrated total fluid intake is 1,751 mL/d. The average of the individual percentages for water intake and for coffee consumption contributing to total fluid intake is 33% and 24%, respectively. For the other types of fluids, averages of the individual percentages contributing to total fluid intake are 16% (tea and herbal tea), 10% (alcoholic beverages), 9% (milk and other dairy beverages), 4% (fruit and vegetable juices) and 4% (soft drinks).
Baseline characteristics by tertiles of total fluid intake and gender are shown in Table 3 . Both men and women with higher reported total fluid intake were somewhat heavier in weight and longer in stature, were more likely to smoke, were more physically active and reported higher intakes of energy, fruit and vegetables and red meat. Participants with higher reported consumption of total fluids reported higher consumption of the different types of fluids with the exception of the consumption of tea and fruit and vegetables juices that declined with higher intake of total fluids (only in men).
The risks of UCC by sex-specific tertiles of total fluid intake by smoking status are presented in Table 4 . There was no evidence of an association between total fluid intake and risk of all UCC: the multivariable-adjusted hazard ratio (HR) for the highest versus lowest tertile is 1.12 [95% confidence interval (CI) 0.86-1.45]. We did find a weakly increased risk with increments of 100 mL/d of total fluid intake (observed HR 1.01 95%CI 1.00-1.02; calibrated HR 1.02 95%CI 0.99-1.04), which was slightly stronger in men than in women. But, there was no statistically significant difference in risks between men and women (p-value interaction >0.05). No significant association was found between total fluid intake and prognostically high-risk UCC (HR for the highest versus The EPIC cohort study, 1992-2000. 1 The group ''urothelial cell carcinomas'' includes transitional cell papillomas and carcinomas (morphology codes 812 and 813, and behavior coded as ''uncertain whether benign or malignant,'' ''carcinoma in situ'' and/or as ''malignant'') but excludes inverted papillomas (8121/1).
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For each country (5-year) age-standardized (European standard population) incidence rates were computed for the overlapping age range of 50-69 years. 3 The category ''high-risk urothelial cell carcinomas'' includes T1 or higher, all CIS and all WHO 1973 Grade 3 carcinomas (including Ta Grade 3). 4 Thirty-two urothelial cell carcinomas cannot be classified as high-or low-risk urothelial cell carcinomas, because of lacking information on stage and/or grade. 5 The category ''low-risk urothelial cell carcinomas'' includes Ta Grade 1 and Ta Grade 2 carcinomas. 6 The France cohort consists of women only. Table 4 ). We found no effect of an increment of total fluid intake with 100 mL/d on either prognostically low-or high-risk UCC. Total fluid intake was not associated with risk of UCC in the different subgroups of smoking status with variables modeled as categorical or continuous. Consequently, the interaction of smoking status and total fluid intake was not statistically significant (p for interaction ¼ 0.34) ( Table 4 ). There was no heterogeneity of between geographic regions on the effect of total fluid intake on risk of overall and prognostically high-and low-risk UCC (p for heterogeneity >0.05) (data not shown).
Epidemiology
To evaluate whether preclinical disease may have influenced results, we conducted additional analyses after exclusion of cases that were diagnosed within 2 years after recruitment. Exclusion of the first 2 years of follow-up did not change the results (data not shown). To explore possible confounding by exposure to occupational carcinogens, analyses were further adjusted for occupational history in a subset of the cohort [Denmark, Germany, Bilthoven (The Netherlands) and Malmö (Sweden)]. Associations between fluid intake and UCC remained similar when exposure to occupational carcinogens was added to the model (data not shown).
In the analysis of specific types of beverages, no association was found between intake of water, coffee, tea and herbal tea, and milk and other dairy beverages and risk of UCC with variables modeled as categorical or continuous ( Table 5 ). The intake of alcoholic beverages was inversely associated with prognostically low-risk UCC (HR 0.71; 95%CI 0.51-0.98 comparing the highest tertile with the lowest; p-trend ¼ 0.02); this association was not confirmed in the analysis of the continuous intake variable. When stratified by smoking status, we found an inverse association between alcoholic beverages and prognostically low-risk UCC for current smokers only (observed HR for 100 mL/d increase in intake 0.95; 95%CI 0.91-1.00). However, this association attenuated when calibrated data were used (calibrated HR for 100 mL/d increase in intake 0.95; 95%CI 0.90-1.01). The interaction of smoking status and alcoholic beverages was not statistically significant (p for interaction ¼ 0.52; data not shown).
The intake of fruit and vegetable juices was positively associated with all UCC and prognostically low-risk UCC (HR for high versus low tertile of intake 1.32; 95%CI 1.05-1.66; p ¼ 0.02, and 1.53; 95%CI 1.12-2.09; p ¼ 0.01, respectively). This association was also observed in the analysis based on the continuous intake variable [observed HR for 100 mL/d increase in intake 1.10 (95%CI 1.04-1.17), for all UCC and 1.12 (95%CI 1.05-1.20) for prognostically low-risk UCC]. Risk estimates remained statistically significant using calibrated instead of observed consumption data. When stratified by smoking status, we found an association between fruit and vegetable juices and all UCC and prognostically low-risk UCC for current smokers only (observed HR for 58 (25, 126) 41 (18, 110) 48 (36, 89) 58 (37, 110) 55 (33, 112) Soft drinks (calibrated, mL/d) 4 58 (25, 129) 77 (33, 159) 83 (35, 199) 10 (6, 44) 24 (7, 62) 41 (9, 83) The EPIC cohort study, 1992-2000. 1 Mean 6 SD, unless otherwise stated. 2 Cambridge Physical Activity Index incorporates occupational and nonoccupational physical activity. 3 Information on exposure to carcinogens at the job is not available for Utrecht (The Netherlands) and France. 4 Median intake (25th and 75th percentile) Cox regression stratified by age at entry, sex and centre. Cox regression stratified by age at entry, sex and centre and adjusted for smoking status (never, former and current), duration of smoking (former and current smokers), lifetime intensity of smoking (former and current smokers), energy intake from fat and nonfat sources. 3 The category ''high-risk urothelial cell carcinomas'' includes T1 or higher, all CIS and all WHO 1973 Grade 3 carcinomas (including Ta Grade 3). 4 The category ''low-risk urothelial cell carcinomas'' includes Ta Grade 1 and Ta Grade 2 carcinomas. 
Ros et al. Table 5 . Hazard ratios (and 95% CIs) for the risk of urothelial cell carcinomas by EPIC-wide tertiles of subgroups of fluid intake 
Discussion
In this cohort study, there was no evidence of an association between total fluid intake and risk of UCC. Associations were not different when stratified by gender and smoking status. Results suggesting positive and inverse associations with intake of specific beverages should be interpreted with caution because they may have resulted from residual confounding and chance.
Our null finding for total fluid intake is in line with two other prospective cohort studies: The Netherlands Cohort Study 24 and the Adventist Health Study 25 did not find an association between fluid intake and bladder cancer risk. One cohort study, the Health Professionals Follow-Up Study, found a protective effect of higher fluid intake in men. 26 This cohort has similar study design characteristics, and an explanation for the contrasting outcome with our findings is not clear. Four case-control studies reported no association, 27,28-30 whereas other case-control studies did find a positive 8, [31] [32] [33] [34] [35] [36] or an inverse association. 37, 38 Inconsistencies between studies that examined the association between total fluid intake and bladder cancer risk may arise from the fact that most studies included relatively few participants and, thereby, lacked power to detect significant observations. Also, information bias in these studies is a plausible explanation of the results of previous studies. The type of beverages that contribute to total fluid intake varied between studies, and differences in exposure assessment could also have led to inconsistent results. Most of the beverages are water based, and water can contain a great number of chemicals. A recent pooled analysis based on six case-control studies found a positive association between tap water and bladder cancer, but no effect was seen for fluid intake other than tap water. 39 These findings suggest that contaminants in tap water such as disinfection byproducts may be responsible for the excess risk and could explain the apparently inconsistent results in epidemiological studies. We were not able to examine the effect of water source on UCC risk because information about the source of water is not available in our study. In addition, in the countries included in Cox regression stratified by age at entry, sex and centre and adjusted for smoking status (never, former and current), duration of smoking (former and current smokers), lifetime intensity of smoking (former and current smokers), energy intake from fat and nonfat sources. 3 The category ''high-risk urothelial cell carcinomas'' includes T1 or higher, all CIS and all WHO 1973 Grade 3 carcinomas (including Ta Grade 3). 4 The category ''low-risk urothelial cell carcinomas'' includes Ta Grade 1 and Ta Grade 2 carcinomas.
Epidemiology this study, there may be very little variability in the source of water. Some authors argued against using total fluid intake and suggest that the daily number of urinary voids is etiologically relevant, because frequency of voiding is directly related to the intensity and duration of urothelium flattening. 40 The few studies 7, 41, 42 that examined the effect of increased urination frequency on bladder cancer risk found conflicting results. Because volume of fluid intake is strongly correlated with urine volume, 43 we believe that fluid intake and urine volume may be used interchangeably.
Our study suggested an inverse association between lowrisk UCC and alcoholic beverages as a categorical variable only. This finding should be interpreted with caution because no effect was seen in the analysis of the continuous intake variable. The association between alcoholic beverages and prognostically low-risk UCC was attenuated when the intake of alcoholic beverages modeled as categorical variable were further adjusted for consumers (yes or no) and other specific beverages. The effect of alcoholic beverages became nonsignificant when the association is examined in the whole EPIC cohort (HR for low-risk UCC high versus low tertile of intake 0.89; 95%CI 0.69-1.15). A recent review by Pelucchi and La Vecchia 11 concludes that there is no association between alcohol intake and bladder cancer risk, although findings were not always consistent and low-and high-risk bladder cancers were not distinguished.
We observed a positive association between the intake of fruit and vegetable juices and the risk of UCC. This association remains statistically significant for both all UCC and prognostically low-risk UCC when fruit and vegetable juices were analyzed in the whole EPIC cohort (HR continuous 1.09; 95%CI 1.03-1.15 and HR continuous 1.11; 95%CI 1.04-1.19, respectively). However, we found no significant association between fruit and vegetable juices and all UCC (HR for the highest versus lowest tertile is 1.10; 95%CI 0.94-1.30) or for prognostically low-risk UCC (HR for the highest versus lowest tertile is 1.21; 95%CI 0.94-1.54) in the whole EPIC cohort. Only few studies 26, 29, 38 have examined the relation between juices and bladder cancer risk. One cohort study 26 and one case-control study 29 reported an increased risk for juices, whereas another case-control study 38 found an inverse association between fruit drinks and bladder cancer risk. However, the associations were not statistically significant. The increased UCC risk in our study among those consuming fruit and vegetable juices could be explained by a low urine pH due to vitamin C in fruit and vegetable juices. Rothman et al. 44 found that low urine pH was associated with higher DNA adduct levels in exfoliated urothelial cells. However, a case-control study did not find an association between urine pH and UCCs 45 . Furthermore, added antioxidants may explain our results, because in vitro some antioxidants may prevent the natural process of cell death. 46 In the Danish EPIC cohort, Roswall et al. 47 found an increased, although not significant, risk between dietary vitamin C and urothelial carcinomas. In our study, however, the association did not change when the models for fruit and vegetables juices were further adjusted for dietary intake of vitamin C. The association between fruit and vegetable juices and the risk of UCC differed according to smoking status: an increased risk for current smokers only. In vitro studies showed that antioxidants, such as b-carotene, may also serve as a pro-oxidant, depending on the amount of b-carotene and on the redox potential of the biologic environment in which it acts. 48 b-Carotene may enhance DNA oxidative damage and modify p53-related pathways of cell proliferation and apoptosis in cultured cells when these cells are exposed to tobacco smoke condensate. 49 However, confirmation in other studies is warranted.
We also found a weakly increased risk for soft drinks and all UCC and low-risk UCC. When the effect of soft drinks is examined in the whole EPIC cohort, the association remains statistically significant (HR continuous 1.03; 95%CI 1.00-1.07 for all UCC and HR 1.06; 95%CI 1.02-1.11 for low-risk UCC). Of five case control studies 28, 29, 34, 35, 38 examining the association between soft drinks and bladder cancer, four 28, 34, 35, 38 observed a slightly increased risk in the highest level of intake; however, these results were not statistically significant. A cohort study that examined the risk of soft drinks and bladder cancer found no association. 26 Because of the possible carcinogenic effect of artificial sweeteners on bladder cancer that have been reported from animal studies in rats, artificial sweeteners in juices and soft drinks might increase the risk of bladder cancer. However, a meta-analysis 50 of case control studies found no evidence of an association between saccharin and bladder cancer, and it is, therefore, unlikely that the increased risk is attributable to artificially sweeteners in soft drinks or juices.
For drinking of water, coffee, tea and herbal tea and milk and other dairy beverages, we did not see associations with UCC risk. Results from other studies that have evaluated the relation between specific types of beverages and UCC are inconsistent. Although our results on alcohol, juices and soft drinks are in line with the few other observational studies, residual confounding cannot be excluded. Moreover, we conducted multiple comparisons and chance findings can thus not be excluded.
There are limitations in this study. Fluid intake may have changed during follow-up and resulted in exposure misclassification, but we do not expect that middle-aged participants, the majority of the EPIC study participants, changed their fluid consumption over the years. We excluded centres that did not assess drinking water intake, because water intake is an important component of total fluid intake. In our study, a third of the total fluid intake was water. Also, the quantity of reported drinking water intake in the study population was very similar to the volume of drinking water intake that was measured in other studies. 30, 37 Although we did not include all centres in this study, we still had a relatively large sample size, and our study is one of the largest cohorts investigating the association between total fluid intake and bladder cancer risk thus far. Despite the large cohort size, there is limited power for testing heterogeneity over smoking status because the number of cases is small when stratified by smoking status. Other strengths of EPIC relate to the cohort design that mainly precludes recall bias, the availability of an extensive set of potential confounders and the possibility to distinguish low-from high-risk urothelial bladder cancers.
In conclusion, results from our study do not support that total fluid intake is associated with UCC risk or with prognostically low-and high-risk UCC. Observed associations between alcoholic beverages, fruit and vegetables juices and soft drinks and the development of bladder cancer may be due to chance and merit further prospective investigations.
